Femoral arterial diameter and pressure were measured in anesthetized dogs. Immediately after section of the ipsilateral lumbar sympathetic chain the artery dilated, reaching a maximum of 122.0% (±0.56 SEM) of resting diameter within 30 to 40 seconds. Later the diameter diminished, stabilizing at 104.3% (±1.8 SEM) of resting diameter within 15 minutes. Stimulation of the peripheral stump of the sympathetic chain induced frequency-dependent constriction, the frequency-response curve being hyperbolic. The average maximal response was 13.42% (± 1.19 SEM) of the resting diameter. These changes were not dependent on suprarenal secretion, blood flow, or changes in distal vascular bed resistance. The contraction of the artery was slow. The half-time of stabilized contraction was 21.6 seconds at a stimulus frequency of 1/sec and 36.8 seconds at 25/sec. The half-time of relaxation was shorter (10.7 seconds and 21.5 seconds, respectively) and also frequency-dependent. A significant dilatation, after stimulation, inversely proportional to the stimulation frequency, occurred after low-frequency stimulations. The time course of contraction suggests the activation of individual smooth muscle layers successively more remote to the nerve endings, possibly due to diffusion of transmitter liberated at the nerve endings by stimulation.
• In spite of extensive studies of the sympathetic nervous control of individual sections of the peripheral vascular bed (1) , little is known about the range of the control of the more proximal part of the arterial system-the so-called conduit vessels. Although there is some evidence of reactivity of conduit vessels to various vasoactive substances in vivo (2) (3) (4) , the few existing data on nervous control are contradictory. Kinmonth et al. (5) reported that stimulation of the lumbar sympathetic chain failed to cause contraction of the femoral artery in the dog and the cat, but more recently, Keatinge (6) indicated that stimulation of the cervical sympathetic chain induced substantial con-traction of the common carotid artery of sheep.
Changes in sympathetic activity induced by reflexes have been stated to cause an active change in diameter of the femoral artery (7, 8) , but in these experiments the possible role of blood-borne vasoactive substances could not be ruled out. Moreover, the concept of a direct nervous pathway for the sympathetic control of conduit vessels seems to be weakened by recent data pointing to a relatively sparse adrenergic innervation and especially to the relatively large distance between adrenergic nerve terminals and smooth muscle in the vessel wall (9) (10) (11) , both of which might impair direct neuroeffector transmission.
The present study was designed to investigate the problem of sympathetic control of conduit arteries.
Methods
Experiments were carried out on 28 mongrel Diagram of experimental arrangement. 1 = Inductive transformer for monitoring the vessel diameter, 2 = electromanometer, 3 = stimulating electrodes, and 4 = rotameter. A: Outflow resistance constant. Blood, after passing through the rotameter, is shunted to the contralateral vein. The outflow resistance is stabilized by a screw clamp placed on the shunting tube. (Group 1.) B: Natural flow, peripheral resistance changing. (Group 2.) dogs of both sexes, weighing 16 to 23 kg. The dogs were anesthetized with thiopental injected intravenously, first with a dose of 10 to 15 mg/ kg and then with .subsequent doses of 4 to 7 mg/kg given about hourly thereafter.
Intravascular pressure in the femoral artery was recorded with an Elema electromanometer ( Fig. 1, A and B ) from a cannula inserted through a branch into the femoral artery without impairing flow. Simultaneously, the diameter of the femoral artery was recorded with an inductive transformer ( Fig. 2 ), a modification of the device used earlier (4, 12, 13) . In principle, it is a highly sensitive core and coil system. The core, a lightweight rod with a small disc (radius 0.55 mm) on its end, moves almost frictionlessly in the coil and constitutes the sensing element. The distance between the disc of the core and a leg fixed to the coil can be adjusted by a micrometer so that a balance (zero reference point) can be obtained at any distance between the disc and the leg within the range of 0.0 to 6.0 mm.
Initially, before placing the vessel between the core and the leg, i.e., with zero distance between the disc and the leg, the circuit is balanced to zero reference point. After putting the vessel between the disc of the rod and the leg, the micrometer is adjusted until the balance of the circuit returns to zero. The displacement of the leg by the micrometer and thus the distance between the disc of the core and the fixed leg, i.e., the diameter of the vessel, can be determined from the micrometer scale readings.
Once the balance has been adjusted, any change in position of the core within the coil due to changes in diameter of the vessel induces imbalance within the circuit, and the out- Detail of device for measuring the diameter of the artery. 1 = Coil, 2 = lightweight rod bearing the core, 3 = leg placed under the vessel, 4 = micrometer, and 5 = vessel.
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put signal is proportional to the displacement of the core and therefore to the diameter changes. An amplification of 1:1,000 may be obtained with the jet-recorder Mingograph 81 (Elema) used.
Displacement of the core within the coil gives linear deflections of ±1.7% within 0.5 mm on each side of zero position. The amplitude of the frequency response of the preamplifier was tested and was uniform in the range from 3 to 35 Hz; the manufacturers state that the response is uniform from 0 to 70 Hz. The weight of the core together with the disc is 75.2 mg which corresponds to 7.6 X 10 3 dynes/cm 2 and thus exerts a negligible external force compared to the mean intravascular pressure (136.0 XlO 3 dynes/cm 2 ).
Before each individual experiment, direct calibration was performed with a special device allowing displacement of the core within the coil. In the course of the experiment, calibration by an output voltage corresponding to a displacement of 60^u of the core within the coil made it possible to transform the recorded changes to absolute values.
The contralateral, left sympathetic chain was severed at the level of L 3 to L 4 30 minutes before the experiment. The diameter and the pressure in the right femoral artery were then monitored before, during, and after the transection of the right sympathetic trunk at the same level until a steady state was reached.
Approximately 30 minutes after the transection of the right sympathetic chain, the fibers coursing from the third to the fourth lumbar ganglion were placed on bipolar platinum electrodes and stimulated with rectangular impulses 5-msec long, of supramaximal intensity (intensity 130 to 150% of that required to produce maximal effect), and with a stimulation frequency of 0.5 to 25/sec. The pressure and the diameter of the femoral artery were monitored before, during, and after stimulation until the measurements under study returned to their initial values. Ten to fifteen minutes were allowed to elapse between individual stimulation periods.
Since the diameter of the femoral artery might have been influenced by flow changes in the series-coupled resistance vascular bed during sympathetic stimulation, experiments on 15 of the dogs were carried out on the femoral artery separated from the distal vascular bed (group 1). The outflow resistance was controlled by a screw placed on a plastic tube which shunted the blood flow through an electromagnetic rotameter from the femoral artery to the contralateral vein ( Fig. 1, A) . In these experiments heparin (Spofa) was administered (500 IU/kg initial dose and 150 IU/kg supplementary dose every 60 minutes).
In a further group of experiments (group 2, five animals), however, the femoral artery was not separated from the distal vascular bed, and blood was allowed to flow naturally ( Fig. 1, B) .
To differentiate the direct influence of the sympathetic innervation from possible effects of shifts of circulating vasoactive substances, especially catecholamines from the suprarenals, analogous experiments were carried out on three dogs in which the suprarenal venous outflow was alternately either unaltered or stopped by the clamping of suprarenal veins bilaterally (group 3A). In another five dogs the adrenal glands were extirpated at the beginning of the experiments (group 3B).
In performing the experiments from which the frequency-response curve was derived, the sequence of stimulation was randomized.
The diastolic measurements were analyzed. Because of respiratory fluctuations of pressure and di- Effect of section of the sympathetic trunk at the L 3 to (BP) and diameter (D) of the femoral artery.
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level (see signal) on blood pressure ameter, the mean diastolic values during each respiratory cycle were evaluated; for statistical analysis, Student's t-test was used. All deviations reported are expressed as standard error of the mean.
Results
SECTION OF THE SYMPATHETIC CHAIN
The intravascular pressure and the diameter of the femoral artery before and after the interruption of the sympathetic outflow are reproduced in Figure 3 . Three seconds after the section of the homolateral lumbar sympathetic chain the femoral artery dilated; maximum diameter was attained within about 30 seconds. Surprisingly, the diameter then gradually declined, attaining a steady value within 15 minutes. The mean values of the whole group of 21 experiments expressed as a percentage of the resting diameter are illustrated in Figure 4 . The mean maximal value was 122.0 ± 0.56%. The subsequent decline was steep for about 130 seconds then more gradual; the decrease in diameter between the tenth (105.8 ±2.1%) and fifteenth minutes (104.3 ±1.8%) is insignificant (0.05>P>0.1).
STIMULATION OF THE SYMPATHETIC CHAIN Group 1. Flow and Peripheral Resistance Constant
The effect of stimulation of the sympathetic chain on the diameter and the pressure in the femoral artery is illustrated in Figure 5 . Since no appreciable blood pressure changes occurred, variations in the di- ameter were considered as proportional to the active contraction of the vascular smooth muscles. Contraction started after a relatively long latency (several seconds) and appeared to be very slow; stabilized contraction was reached only after about 100 seconds of stimulation. After stimulation had ceased, the contraction persisted and only at about 10 seconds after the end of stimulation did relaxation begin and the diameter start to return to its initial values. The return to the resting diameter was not recorded earlier than about 180 seconds after the end of stimulation. With increasing frequency of stimulation, there was a clear-cut tendency toward more marked contraction. The results of the whole group of experiments (27 series of stimulations at frequencies of 0.5 to 25/sec, a total of 175 individual stimulations on 15 dogs) are illustrated in Figure 6 , A, where the percentage of maximal response (stabilized constriction) is plotted against the frequency of stimulation. Fifty percent of maximal response was reached with a stimulation at 3 to 4/sec, and after a frequency of stimulation over 15/sec the response did not increase significantly. Mathematical analysis proved that the frequency-response curve does not differ from a hyperbola (Fig.  6, A) . The mean value of maximal response represents 283.26 ± 25.08/x, i.e., 13.42 ±1.19% related to the resting value.
Group 2. Natural Flow, Peripheral Resistance Changing
In this group of experiments, natural blood flow from the femoral artery to the respective series-coupled resistance vessels was preserved, i.e., outflow resistance and hence femoral arterial blood flow could vary, during stimulation. Results from eight series of stimulations at frequencies of 0.5 to 25/sec (a total of 53 individual stimulations on five dogs) show neither qualitative nor significant quantitative differences from the previous group (Fig. 6, B) ; the mean value of the maximal effect of stimulation with decreasing blood flow was 259.38 ± 43.78/4 and did not differ significantly from the mean value of the maximal effect of stimulation with constant blood flow (283.26 ±25.08/*). Time course of changes in diameter of the femoral artery during and after sympathetic stimulation at frequencies of 1/sec (broken line) and lS/sec (solid line). Resting diameter was taken as zero, and maximal stabilized response (at stimulation frequency IS/sec) was taken as 100%.
or arrested during maximal sympathetic stimulation. Comparison of the effects of stimulation between the respective pairs showed only very small differences. Although the effect of stimulation with unaltered suprarenal venous outflow was a little larger in 11 pairs, it was a little smaller in the remaining seven pairs of experiments. Consequently, the calculated differences (mean value 2.76 ± 1-4/x) were not significant. In a second group (B) the frequency-response curve derived from 16 series (a total of 76 individual stimulations with a frequency of 1 to 25/sec in five dogs adrenalectomized before the experiment) did not differ significantly from that obtained in experiments on animals with adrenals intact (Fig. 6, C) .
TIME COURSE OF CONTRACTION AND RELAXATION
Some peculiarities of the contraction and relaxation of the femoral artery are illustrated in Figure 7 in which diameter changes (mean values ± SEM) are plotted against the time during and after stimulation at frequencies of 1/sec and 15/sec. For convenience, the resting diameter was taken as zero and the maximal stabilized response at the end of stimulation at 15/sec as 100. The diameter during and after stimulation is related to this value. Although the absolute value of constriction at any time is larger at the higher frequency of stimulation, the stabilized value of constriction occurs significantly earlier at the low frequency than at the high frequency of stimulation (in 60 seconds and 120 seconds, respectively).
Even more striking differences were detected immediately after stimulation had ceased. At the low frequency of stimulation, the resting level was attained within 10 seconds, and the vessel continued to dilate well above the resting value. Forty seconds after the end of stimulation, the increase in the diameter nearly equaled the extent of the decrease in the diameter during stimulation. 
Half-time of constriction (solid line) and relaxation (broken line) of femoral artery during and after stimulation of the sympathetic trunk plotted against the frequency of stimulation.
On the other hand, for the higher frequency, relaxation was very protracted; 50% of relaxation occurred within 20 seconds, but the remaining 50% were not reached for another 150 seconds. The time required for 50% of the stabilized constriction (half-time) to occur is plotted for each individual frequency of stimulation in Figure 8 ; the half-time is prolonged with the increase in stimulation frequency. In the same figure the time required for 50% of relaxation is illustrated. The curve of half-time of relaxation, although shifted considerably lower, runs almost parallel to the curve of half-time of constriction.
As mentioned above ( Fig. 7) , in the period after low-frequency stimulation a relatively rapid relaxation was seen. Moreover, after the respective resting values were attained, an overshoot dilatation was noticed, and this was also frequency-dependent ( Fig.   Circulation Research, Vol. XXIV, March 1969 100-
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The magnitude of dilatation of the femoral artery after stimulation in percent (ordinate) plotted against frequency of stimulation (abscissa). Stabilized decrease of diameter during stimulation was taken as 100%. 
9)
. After stimulation at a frequency of 1/ sec, the overshoot dilatation, i.e., increase in diameter, attained 103.2 ± 8.4%, the stabilized decrease in diameter during stimulation being taken as 100%. With an increase in the frequency of stimulation, however, a gradual decline of the overshoot dilatation occurred, and after stimulation at 8/sec and higher no dilatation could be detected. As illustrated in Figure 10 , the rate of change in diameter increased almost linearly up to a maximal value; the value for the rate of change in diameter at the high frequency of stimulation (15/sec) was approximately twice that of the corresponding value for the low frequency (1/sec). After the maximal value was reached (in 15 and 30 seconds, respectively), the rate of change in diameter successively declined attaining negligible values near to zero within 60 (at 1/ sec) and 120 seconds (at 15/sec) of stimulation, respectively.
Discussion
The main aim of the present study was to show whether or not the sympathetic system is capable of exerting direct control on the smooth muscles of a conduit artery. In the results presented above, conclusive evidence was obtained that immediately after section of the ipsilateral sympathetic chain (the contralateral one having been cut 30 minutes earlier) a considerable increase in the diameter of the femoral artery occurred. This fact itself points to the direct role of the sympathetic nervous system in the control of conduit vessels under physiological conditions. When, however, the value of the maximal dilatation and the subsequent rapid decrease in the diameter is considered, it seems probable that some mechanisms other than the loss of the resting sympathetic tone must be involved. It seems more plausible to presume that by section of the sympathetic trunk with the release of sympathetic tone a potent additional vasodilator mechanism has been activated and operates for the next 10 to 15 minutes. This suggestion appears to be supported by the fact that the increase in diameter 15 minutes after sympathetic section corresponds well in magnitude to the decrease in diameter induced by sympathetic stimulation with the frequency of 1 to 2/sec. The latter, as generally admitted (14) , may be close to the frequency of the sympathetic outflow during resting conditions.
The results of these experiments indicate further that with stimulation of the lumbar sympathetic chain the diameter of the femoral artery significantly decreases.
In investigating the possible mechanisms, no significant differences could be found in the effects of sympathetic stimulation in experiments where the communication with the distal resistance section had been preserved so that blood flow obviously decreased and those where this communication had been interrupted and blood flow was maintained artificially constant. Therefore, neither flow changes nor direct communication with the distal segments contribute even quantitatively to the changes in diameter of the conduit artery during sympathetic stimulation.
Since the changes in the diameter are not significantly different in experiments where the suprarenal glands were either removed or their venous outflow was prevented during stimulations, there remains little doubt that a decisive part of the effect was mediated by a direct nervous pathway.
As for the range of sympathetic control, changes in the diameter of the femoral artery induced by sympathetic stimulation are frequency-dependent, i.e., a temporal summation of the impulses (15) is obvious. The frequency-response curve did not deviate significantly from the hyperbola of the given formula ( Fig. 6, A) , and thus it resembled the frequency-response curves of the other vascular segments to sympathetic stimulation (14, 16, 17) .
The maximal change in the diameter induced by sympathetic stimulation amounts to an average value of 13.42% of the resting diastolic diameter. This value seems to be rather low when compared with data on changes in the diameter of the distal vascular segments due to sympathetic stimulation (16, 17) . These differences may be more apparent than real, considering that the earlier data refer to the reduction of the lumen (derived from blood flow data in-directly), whereas the present results are confined to the outer diameter recorded directly. Values deduced by Mellander (17) from the calculated maximal reduction of the lumen of an arbitrary arteriole indicate (assuming a wall-lumen ratio as high as 0.2) a decrease in external diameter of approximately 21%-a value still higher than the changes in diameter of the femoral artery reported here.
In interpreting the above differences the following must be taken into account. The wall of the arterioles and small arteries is composed almost entirely of smooth muscles so that, unlike the conduit artery, almost the whole mass of the vascular wall contributes to active changes in diameter. Recent morphological data (9) (10) (11) indicate that nerve endings are confined to the outer border of the media; no nerve endings penetrate among the smooth muscle cells. Consequently, diffusion of the transmitter from nerve endings to the effector smooth muscle cells has been suggested. Moreover, the presence of monoamines in smooth muscle remote from nerve terminals was established recently during sympathetic stimulation (18) . Since diffusion is presumed to occur along the concentration gradient from the nerve terminals on the advertitial side toward the intimal side of the media, the number of smooth muscle layers in which the transmitter concentration is not high enough to initiate contraction might be greater in large vessels with many smooth muscle layers and elastic lamellas than in smaller arteries.
Finally, histochemical studies confirmed that there are relatively fewer nerve endings in the cross section of larger vessels than in smaller vessels (19) . Consequently, if the amount of transmitter released by one discharge in one nerve ending is presumed to be constant (20) , then the amount of transmitter per smooth muscle cell of a large vessel must be several times less.
The rate of decrease in diameter (AD/ At) is directly related to the frequency of stimulation. Similar relations, concerning sympathetic constriction of resistance ves- (21) . Detailed analysis of the pattern of the time course of contraction has shown, however, that the rate of change in diameter (AD/At) at any frequency increases initially until a maximum value is reached (accelerating limb), then declines successively (decelerating limb), approaching negligible values in the period of "stabilized contraction" (Fig. 10 ). Considering the rate of change in diameter, it seems justified to suppose that A D/A t is proportional to the rate of accumulation of transmitter available to initiate contraction.
There is, however, little reason to assume that the transmitter level declines during stimulation, and earlier investigations suggest (22) that at early periods of the stimulation the level of the transmitter at the effector sites may increase. We might propose, therefore, that the increasing rate of contraction (the accelerating limb of the AD/At curve) is proportional to the amount of transmitter of the smooth muscle layers adjacent to the nerve terminals.
However, only a relatively small fraction of the stabilized contraction was attained within the above period (of accelerating limb), and the diameter keeps contracting further until the one hundred and twentieth second of stimulation at a frequency of 15/ sec is reached. Considering recent data pointing to diffusion of catecholamines in the vessel wall during sympathetic stimulation (18), we might tentatively suggest that the decelerating limb of the AD/At curve reflects the successive contraction of smooth muscle layers successively more and more remote to the nerve endings, appropriate to the respective concentration of the diffused transmitter.
Finally, the observation that after stimulation a transient overshoot dilatation well above the resting diameter occurred requires some comments. This overshoot dilatation related to the decrease in diameter during stimulation was largest after the stimulation at 1/sec ( Fig. 9 ), declined after higher frequencies of stimulation, and was not present at frequencies over 8/sec. Since a noticeable accumulation of metabolites during contraction in a conduit vessel is not to be expected, it does not seem reasonable to suggest that the mechanisms involved are similar to those inducing overshoot dilatation of resistance vessels after sympathetic stimulation (23, 24) . Furthermore, since dilatation was obtained after stimulation even in experiments in which the femoral artery was disconnected from the subsequent resistance vascular bed, the role of "spreading dilatation" (25) (26) (27) could be ruled out.
Thus, the interpretation in terms of sympathetic transmitter level seems to be the most reasonable. It is tentative to suspect that overshoot dilatation after stimulation may be caused by a sudden decline of the transmitter below the level normally present due to reuptake or degradation processes subsequent to the end of sympathetic stimulation (28) . Further investigations are needed, however, before definite conclusions can be made.
